In future superconducting electrical machines and devices, AC loss in the superconducting windings is one of the most important design parameters. We have proposed a simple method of AC loss measurements for superconducting wires in various types of electromagnetic environments. So far, the samples were closely wound as a double-layer non-inductive coil. A pair of potential taps is also attached to both terminals of the sample coil. In this configuration, the sample coil itself is a pickup coil to measure the AC losses. In this paper, we experimentally evaluate the influence of winding pitch in the sample coils on the transverse-field losses measured by the simple electromagnetic method. The transverse-field losses of NbTi multifilamentary wire in the region of the amplitude of magnetic field less than 1 T are almost hysteretic. The obtained results scarcely depend on the distances between adjacent turns.
INTRODUCTION
The AC loss property of superconducting wire is one of the key parameters to design superconducting devices or apparatuses for AC use because it is directly concerned with their efficiencies and volume of cooling systems. The different electromagnetic methods suitable for measuring AC losses under each electromagnetic environment have been used, such as a four-probe method in alternating transport current, a pickup-coil method in external AC magnetic field [1] − [3] , a method to measure dynamic-resistance losses [4] , a coil-simulation method in combined AC magnetic field and alternating transport current [5] , and so on. On the other hand, calorimetric methods independent on the electromagnetic condition have been also applied [6] .
We have proposed a simple method to measure the AC losses of superconducting wires in various types of electromagnetic configuration [7] − [9] . In this case, the sample is wound as a double-layer non-inductive coil, and a pair of potential taps is attached to both terminals of the coil. We also setup the pickup coils for external AC magnetic field and alternating transport current. By detecting the signals from these pickup coils, we can evaluate the AC losses under various types of electromagnetic environments. We confirmed that the transverse-field and transport-current losses of a NbTi multifilamentary wire could be quantitatively measured by the simple electromagnetic method in comparison with the results of a calorimetric method and/or a pickup-coil method [7] . We also evaluated the AC losses of a Ag-sheathed Bi-2223 multifilamentary tape with direct or alternating transport current in AC magnetic field [8] , [9] . The observed results approximately agreed with those by the pickup-coil method and/or the theoretical predictions with a critical state model.
The fundamentals of AC loss measurements by the simple electromagnetic method are based on the non-inductive coil closely wound with the sample wire in two layers. In this case, the sample coil can be approximated as two hollow cylinders. The next step is to apply this method to more general configuration of sample coil, for example, a loose winding with a turn-to-turn spacer for electrical insulation. In the present study, we experimentally evaluated the influence of winding pitch on AC losses of a superconducting wire measured by the simple electromagnetic method in transverse AC magnetic field. We prepared two sample coils of NbTi multifilamentary wire with different winding pitches. We measured the transverse-field losses of these coils, and compared the observed results with each other.
EXPERIMENT
The specification of sample is listed in Table 1 . The sample is a NbTi multifilamentary wire of 0.365 mm in diameter, and has 925 filaments of 7.9 µm in diameter surrounded by a matrix of Cu10wt.%Ni. The twisting pitch of filaments is 10.8 mm. The surface of the sample is electrically insulated with polyvinyl formal. We fabricated two kinds of non-inductive sample coils in two layers shown in Fig. 1 . The Coil-A was closely wound with the sample wire, and the Coil-B had a nonmagnetic spacer between the adjacent turns whose diameter is approximately equal to that of the sample wire. That is, the mean distances between the adjacent turns of the Coil-A and B were about d w and 2 d w , respectively, where d w is the diameter of the sample wire including insulator. Both the heights and inner diameters of two sample coils were about 30 mm. The external magnetic field was applied along the axis of the sample coils. Using these double-layer non-inductive coils, the transverse-field losses W of the sample per unit volume per a cycle of external magnetic field H e is obtained by the expression 
where v s is the sample volume, n s is the turn number per unit length of each layer in the sample coil, T is the period of H e , and V pc is the terminal voltage of the sample coil [7] . An experimental circuit is shown in Fig. 2 . The sample coils and the pickup coil for external magnetic field were 
DISCUSSION
We had already presented [7] that the transverse-field losses of NbTi multifilamentary wire could be exactly measured by the simple electromagnetic method over a wide range of amplitude of external magnetic field in comparison with the other methods when the sample coil was closely wound such as the Coil-A. Although the coupling-current losses may depend on the collective interaction among turns in the sample coil [10] , the obtained transverse-field losses was almost hysteretic and scarcely included the coupling-current losses as shown in Fig. 3 . In this case, we can guess that the almost same AC loss densities should be generated in the multifilamentary wire for the sample coils with different distances between adjacent turns when the same AC magnetic fields were applied. In fact, we had a good agreement between the results obtained in the Coil-A and B in a higher range of amplitude of external magnetic field as shown in Fig. 4 . In this case, we can understand that the magnetic field due to the magnetization of sample wire was much smaller than the external one, and the applied magnetic field was nearly equal to the external one. On the other hand, when the amplitude of external magnetic field was smaller, the magnetic field applied to the Coil-B was larger than the Coil-A due to the demagnetization effect. Therefore, the AC loss densities in the Coil-B were also larger than the Coil-A. In order to evaluate accuracy of the AC losses obtained by the simple electromagnetic method in the smaller range of amplitude of external magnetic field, we have to compare them with the results by the other method for AC loss measurement. 
CONCLUSION
We experimentally evaluated the winding-pitch effect on the AC losses of superconducting wire obtained by the simple electromagnetic method in AC transverse magnetic field. We measured the transverse-field losses of two kinds of non-inductive sample coils wound with NbTi multifilamentary wire. As a result of their comparison, we concluded that we can measure the accurate transverse-field losses by the simple electromagnetic method in the higher range of amplitude of external magnetic field when the winding pitch is not twice more than the diameter of sample wire. We will quantitatively consider how long winding pitch of the sample coil this simple method is applicable to. 
